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Abstract 
Removal of sulfur from gasoline is one of the major processes in refineries. Designing of removal process requires phase equilibrium data 
of the sulfur with various hydrocarbon systems. 3-Methylthiphene is an organic sulfur compound found in gasoline. In the present work 
VLE data of 3-Methylthiophene with various hydrocarbons were modeled using genetic algorithm. VLE data were modeled using Wilson, 
NRTL and Margules activity models. Margules models was found to be best amongst the studied models. 
© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Institute of Technology Nirma 
University,  Ahmedabad. 
Keywords: Desulfurization; 3-Methylthiophen; Genetic Algorithm; NRTL, Wilson, Margules 
Nomenclature 
A,b Binary Interaction Parameter 
y vapour phase fraction 
Subscripts 
exp experimental  
cal calculate 
12 interactions between compound 1 and 2 
1. Introduction 
The automobile industry is growing rapidly and the most undesirable outcome of the same is the air pollution due to the 
automobiles. There are various ways to reduce the air pollution and one of them is to have minimum impurities in the fuel 
used in the automobile. Sulfur is considered to be the major impurities in gasoline because [1]. 
It causes the SOx in the exhaust gases, and 
Poisons noble catalyst in the automobile 
* Corresponding author. Tel.: +91-2717-241911-15 Ext: 146; fax: +91-2717-241917 
E-mail address: milind.joshipura@nirmauni.ac.in 
Available online at www.sciencedirect.com
13 The Aut ors. Pub ished by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of Institute of Technology, Nirma University, Ahmedabad.
381 A. Kulkarni and M. H. Joshipura /  Procedia Engineering  51 ( 2013 )  380 – 385 
Worldwide the sulfur concentration in the gasoline is targeted to be zero in coming years. [1] The reduction of sulfur 
level in gasoline requires the refinery processes to be modified, specifically desulfurization process. Accurate Vapor Liquid 
Equilibrium (VLE) data of sulfur compounds with hydrocarbons is required for such process for both reaction and 
separation processes. VLE determination must be supported with good estimation models. 3-Methylthiophen is one of the 
organic sulfur compounds present with the gasoline. [2] Experimental determination of VLE of 3-Methylthiophene is 
available in the literature [1-4]. Present work is aimed to model these systems with different activity coefficient models and 
compare them. The binary interaction parameters for the binary systems were obtained using Genetic Algorithm.  
Genetic algorithms (GAs) were developed by Holland and co-workers in 1960’s [5]. GA is a method for moving from 
one population of "chromosomes" (e.g., strings of ones and zeros, or "bits") to a new population by using a kind of "natural 
selection" together with the genetics
have following elements in common[5]. 
 populations of chromosomes 
 selection according to fitness, 
 crossover to produce new offspring and 
 random mutation of new offspring 
GA works on the principle of biological evolution and Charles Darwin‘s Theory of Survival of the Fittest. Figure 1 
provides an idea about the steps to be performed for GA. 
2. Database 
As mentioned in the previous section few experimental data set are available in the literature for 3-Methylthiphene.[2-4]. 
The data generated is summarized in Table 1. 
The below mentioned data base were used to obtain the binary interaction parameters for following activity coefficient 
models 
 van Laar Model 
 NRTL Model 
 Wilson Model 
 Margules Model 
 
 
 
                                     Fig. 1. Flow chart for steps performed in genetic algorithm 
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Table 1. Isothermal VLE data - Binary mixtures involved in study 
 
System Temperature (K) Ref 
3-Methylthiophene + O-Xylene 383.15 [4] 
3-Methylthiophene + 1,2,4 Trimethylbenzene 383.15 [4] 
3-Methylthiophene + 2 Methyl pentane 333.15 [3] 
3-Methylthiophene + N-Hexane 333.15 [3] 
3-Methylthiophene + Methylcyclopentane 343.15 [3] 
3-Methylthiophene + Methylcyclohexane 373.15 [3] 
3-Methylthiophene + 2,2,4 Trimethylpentane 368.15 [2] 
3-Methylthiophene + 2,4,4 trimethyl-1-pentene 368.15 [2] 
3-Methylthiophene + Cyclohexane 348.15 [2] 
3-Methylthiophene + 1-Hexene 333.15 [2] 
 
 
Description of these models and algorithm for obtaining the binary interaction parameter  is available in Smith et. al. [6].  
Vapor pressure data required to be calculated were obtained from the literature [2-4]. Molar volumes for all the compounds 
were obtained from the Hand book of Yaws. [7] 
 
3. Modeling systems using GA 
The systems listed in Table 1 were modeled using the four activity coefficients mentioned in the previous section. The 
vapor phase was considered to be ideal and the liquid phase non ideality was taken care by various activity coefficient 
models. Following objective function was minimized to obtain optimized interaction parameters for the four activity 
coefficient models. 
                                                   OF=
2exp
1
2
1
cal
kiki
N
k i
yy                                                                  (1) 
Minimization of Objective function can be time consuming if the range of initial population is not specified, because GA 
by default chooses [0, 1]. Let’s say our optimized parameter value is 1600 then it takes substantial amount of time for GA to 
reach there in its search space as all its initial population is concentrated between [0, 1] 
Study of effect of binary interaction parameter on the objective function will give us the idea about the initial range to be 
supplied. It should be noted that the initial population range will be same for all variables involved so if either of the 
variables are opposite in signs initial range to be supplied also increases. So to compensate that we would increase 
population size but it also has negative effect on computation time. We performed the function value test for the range of 
two extreme values (-10000 to 10000) of the binary interaction parameter and observed the effect on the objective function. 
Figure 2 shows the effect of the Wilson parameter on objective function in the above specified range for one of the systems. 
It can be observed from Fig. 2 that the minimum of the function is lying in the range of -1500 to 1500. So the initial guess 
can be provided accordingly. The initial guess can be fixed irrespective of the model and hence it will save the 
computational time. 
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    Fig. 2 Effect of binary interaction parameters (a12 and a21) on objective value function (Eqn.1) 
 
 
4. Results and Discussions 
 
MATLAB® GA tool box was used for implementing the GA. The operating parameters were kept as, 
Number of Generations:  5000 
Population Size:  500 
Selection Function:  Roulette Wheel 
Elite Count:  50 
 
All other parameters were set by default by MATLAB. Codes were written in MATLAB® to be used with GA tool 
box. A sample output of the system 3-Methylthiophene and o-xylene is shown in Fig. 3. It shows the optimized function 
value, parameter value as well as average distance between two individual. 
The results for 3-Methylthiphene/o-xylene system are shown in Table 2.  Table also provides minimized objective 
function values for all the four models. 
 
Table 2. Optimized values of binary interaction parameters and minimized value of objective function 
Model Binary Interaction Parameters Objective Function 
Wilson A12 = 1520.5         A21 = -1383.8 0.0180 
NRTL (alpha=0.5) b12 = -1343 b21 = 1796.1 0.0169 
Van Laar A12 = 0.1353 A21 = 0.0136 0.0155 
Margules A12 = 0.0338 A21 = 0.0026 0.0175 
 
 
For all the systems interaction parameters were obtained. Individual objective function values and global objective 
function values are listed in Table 3.  van Laar model could not be converged for the system 3-Methylthiphene(1)/2-Methyl  
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     Fig. 3 Output of GA for optimizing NRTL parameters for 3-Methylthiopne/o-xylene system 
 
pentane (2) system. The model also showed some ambiguous behavior for the objective function for other systems. It can be 
observed that for the given systems Margules model was found to be better. This model is very simple but for the given set of 
systems it performed better. However, Wilson model was having a similar accuracy. 
 
Table 3.Individual objective function values and global values 
 
System Wilson NRTL van Laar Margules 
3-Methylthiophene + O-Xylene 0.0180 0.1691 0.1035 0.0174 
3-Methylthiophene+1,2,4 Trimethylbenzene 0.0245 0.0245 0.0139 0.0245 
3-Methylthiophene + 2 Methyl pentane 0.0210 0.2047  a   0.0188 
3-Methylthiophene + N-Hexane 0.0161 0.0161 0.0160 0.0159 
3-Methylthiophene + Methylcyclopentane 0.0109 0.0110 0.0110 0.0116 
3-Methylthiophene + Methylcyclohexane 0.0368 0.0359 0.0359 0.0351 
3-Methylthiophene + 2,2,4 Trimethylpentane 0.0221 0.0225 0.0225 0.0255 
3-Methylthiophene + 2,4,4 trimethyl-1-pentene 0.0154 0.0155 0.0154 0.0167 
3-Methylthiophene + Cyclohexane 0.0197 0.0197 0.0198 0.0198 
3-Methylthiophene + 1-Hexene 0.0255 0.0250 0.0251 0.0236 
Global value 0.0210 0.054 0.029 0.0200 
 
a van Laar model did not converge for the system 
 
 
5. Conclusions 
Ten systems containing 3-Methylthiphene were modeled using four activity coefficients. The modeling was done using 
GA. GA was implemented using MATLAB® GA tool box. The performance of GA can be improved if the initial range of 
the binary interaction parameter is obtained by carrying out function value test. Out of four activity coefficient models 
studied it was found that Margules was able to represent the systems with highest accuracy. Binary interaction parameters 
385 A. Kulkarni and M. H. Joshipura /  Procedia Engineering  51 ( 2013 )  380 – 385 
generated can be utilized for predicting multi component phase equilibrium of the binary systems studied here. This will 
help in designing various separation and storage equipment handling these mixtures.  
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